Introduction
Event-related potentials (ERPs) are electroencephalogram (EEG) indexes that allow for non-invasive recordings of cerebral activity with a temporal resolution on the order of milliseconds (Boutros et al., 2011) . Such recordings may also allow for further identification of the relationship between neural activity and stimulus processing, each of which may be abnormal in individuals with psychiatric disorders (Charney and Nestler, 2008) . Many studies have attempted to identify distinct ERP properties of specific cognitive functions or processes, most frequently reporting on the P300 component (Hansenne,2006) . The P300 (or P3) is a positive-going waveform that occurs between 300 and 500 ms after stimulus onset. The oddball task is often used to assess the P3 and involves participants detecting the deviant stimuli as quickly as possible without compromising accuracy (Sutton et al., 1965) . The P300 component has two main subcomponents: the P3a and P3b (Squires et al., 1975) . The P3a has a more frontal distribution, is relevant to involuntary attention, and is a component associated with the response to the distracter stimuli (the stimuli independent from and irrelevant to a given task) (Lv et al., 2010) . The P3b has a more parietal distribution and reflects the processing of voluntary attention. For example, the response to task-relevant targets elicits the P3b component. In the present study, the P300 (or P3) will refer exclusively to the P3b component and its amplitude be defined as an index of cognitive resource allocation (Wickens et al., 1983) . Its latency will further be taken to reflect stimulus classification efficacy (Duncan-Johnson, 1981) .
Many studies suggest that the P300 may be a biological marker for pathophysiological mechanisms. Past research has consistently concluded that reduced P300 amplitudes are state markers of depression and are altered during the course of the disorder but may recover after clinical remission (Karaaslan et al., 2003) . The marker may thus be applied to aid in the diagnosis, prognoses-making, and treatment of depression.
Despite its utility, the role of the P300 component seems to vary across studies. In one review (Bruder et al., 2012) , decreased P300 amplitudes were identified in some studies that did not replicate in others. A primary reason for these inconsistencies may be variation among participants' clinical features. P300 reductions may be more evident in individuals with depression with comorbid psychotic symptoms or suicidal ideations.
For instance, Karaaslan (2003) suggested that the P300 amplitude decreased significantly in individuals with depression and psychotic symptoms than in those without psychotic features. Studies of the P300 latency also suggest inconsistent results, which are possibly due to the use of different tasks and participant subtypes. According to Kemp (2009) , individuals with major depressive disorder and a secondary anxiety disorder display significantly delayed P300 latencies compared to controls in the auditory oddball task. Lv et al. (2010) applied the novelty oddball task to individuals with depression (without anxiety or psychotic symptoms) and found no difference compared to healthy controls. Therefore, alterations in the P300's amplitude and latency may indicate abnormalities in stimulus processing and be easily affected by participants' clinical features.
As clinical variables may affect P300 components, an oddball task that utilizes different cognitive modalities to distinguish between cognitive patterns across different populations may be informative (Hansenne, 2000) . In recent ERP studies, a key advancement has been the utilization of computer-based stimulus displays. The application of the unimodal visual or the auditory oddball task for P300 elicitation is quite common. However, stimuli perceived in the real world are primarily discrete stimuli that are cognitively integrated into a unitary perception (Joassin et al., 2004) .
Therefore, the use of bimodal modalities in an oddball task may allow for examination of participants' capacity to perceive and integrate stimuli.
To address bimodal processing using the oddball task, Campanella (2010) designed a new, modality-based oddball task in which some stimuli consisted of paired happy faces and happy voices ("deviant stimuli") while others consisted of neutral faces paired with neutral voices ("frequent stimuli"). Each pair was displayed together and participants were asked to detect deviant stimuli among the frequent stimuli. The results of this study suggest that the P300 amplitude differs significantly between individuals with subclinical anxiety and/or depression and control individuals. However, this difference is only observed in an emotional bimodal oddball task. This study suggest that an emotional bimodal oddball task may enhance the sensitivity of the P300 component as individual monitors for subtle differences that are undistinguishable in unimodal tasks or, on a behavioral level, between subclinical and healthy populations.
In the above study, the stimuli in the bimodal oddball task consisted of emotional content. In further exploring the effect of emotion on the sensitivity of the P300 component in the bimodal task, an additional geometric (non-emotional) bimodal task (pure sound and geometric figure) was found to elicit a decreased P300 amplitude in individuals with subclinical anxiety-depression compared to healthy individuals in both tasks (Campanella, 2012) . This finding is consistent with those from previous studies where the unimodal oddball condition revealed no between-group differences.
Therefore, the bimodal nature of this task may identify subclinical risk for anxiety and/or depression. Furthermore, reaction times during the oddball task are behavioral data that may represent psychomotor speed. To assess cognition beyond simple reaction times, a geometric bimodal oddball task was used in the present study and data points including ERPs, cognitive responses, as well as stimulus reaction times were collected.
Depressive disorders are very common, with a prevalence as high as 5% in developed countries (Kessler and Bromet, 2013) . The most common features of depressive disorders are the presence of sadness, a void feeling, and irritability. These are often accompanied by somatic and cognitive changes that may significantly affect an individual's capacity to function (DSM-V, 2013) . Early identification and diagnosis of depressive disorders may improve a patient's prognosis. However, as a potential biological marker of depression, the P300 component in the unimodal task has a low sensitivity and specificity (Mathalon et al., 2010) . As bimodal tasks result in elevated P300 sensitivity beyond that in unimodal tasks in individuals with subclinical depressive-anxiety (Campella et al., 2010) , these may be used to screen for subclinical depression. Subclinical depression is present in 1% to 15% of individuals who go on to develop major depression (Cuijpers et al., 2004) . Therefore, the bimodal task may enhance the sensitivity of the P300 component in individuals with depression and further has the potential to become a diagnostic tool for depressive disorders.
In the present study, we hypothesized that the P300 component would significantly differ between individuals with depression and healthy individuals. Specifically, we predicted that the P300 component induced by the bimodal oddball task would be significantly different from that induced by the unimodal task and that individuals' severity of depressive symptoms would affect this component.
Methods

Participants
Forty-five individuals diagnosed with major depressive disorder according to an evaluation per the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-Ⅴ) conducted by two trained psychiatrists were recruited from the outpatient and inpatient departments of psychiatry at the Renmin Hospital of Wuhan University.
Forty-five healthy individuals matched for age, gender, and educational attainment were also recruited. In the depression group (DG), 26 individuals were treated with benzodiazepines due to insomnia prior to recruitment. The remaining individuals had received no previous treatment. The severity of depressive symptoms was assessed by two trained psychiatrists using the 17-item Hamilton Depression Scale (HAM-D17). Participants' anxiety symptoms were assessed using the Hamilton Anxiety Scale (HAM-A). Individuals with depression were defined as those who were in a depressed mood state (HAM-D score ≥ 7) but not an anxious state (HAM-A score < 7). Healthy individuals had neither depressive symptoms (HAM-D score < 7) nor anxiety symptoms (HAM-A score < 7). All participants were between 18 and 45 years of age, right-handed, and with normal/corrected vision and unimpaired hearing. Additionally, all participants were of Han ethnicity with no personal or family history of psychological or physiological disorders.
All group characteristics are described in Table 1 . The Ethics Committee of Renmin
Hospital of Wuhan University approved the study and written informed consent was obtained from all participants prior to experimentation.
ERP task and procedure
During the tasks, each participant was seated one meter away from a display monitor in a silent room. All participants were instructed to finish three oddball tasks (visual, auditory, and bimodal), with 80% of stimuli from the frequent category and 20% from the deviant category, with no two deviant stimuli appearing consecutively. The participants were told to confirm detection of a deviant stimuli as quickly as possible by clicking the left button of a computer mouse. Participant reaction times (RTs) and response accuracy were recorded.
In the visual task, frequent stimuli consisted of a square while the deviant stimulus was a circle. Visual stimuli were presented for 150 ms with an inter-stimuli interval of 2200-2400 ms.
In the auditory task, auditory stimuli were presented through a loudspeaker. The stimuli were played at a frequency of 1000 Hz at 60 dB, while the deviant stimuli were played at 2000 Hz and 80 dB. All auditory stimuli were presented for 20 ms with an inter-stimuli interval of 1800 ms.
In the bimodal task, the frequent stimulus was comprised of a 1000 Hz, 60 dB sound and presentation of a visual square while the deviant stimulus was comprised of a 2000 Hz, 80 dB sound with presentation of a visual circle. Each task had two blocks, each containing 100 stimuli. The inter-stimuli intervals were 2200-2400 ms.
Each participant had to complete six blocks of oddball tasks (two visual, two auditory, and two bimodal), with each block taking approximately 3.5 min. The tasks were presented in random sequence with the upcoming task type presented to participants during the inter-task interval.
EEG recordings and analyses
EEG signals were recorded with a 16-electrode Ag/AgCl cap (BrainMaster, Inc., Shenzhen, China). The electrodes were positioned in accordance with the standard international 10/20 system locations (Xu et al.,2012) . These signals were amplified by a Symtop Amplifier (Symtop Instrument, Beijing, China) with a bandpass of 0.01-100
Hz. Signals were recorded at a 1000 Hz sampling rate and captured with reference to earlobe-linked electrodes. There were two parameters for every stimulus, namely: (1) task modality (visual, auditory, or bimodal); and (2) stimulus type (frequent or deviant).
We used EEGLAB6.01b (Mathworks, MA, USA) to filter the data off-line with a bandpass of 0.05-30 Hz, an average reference, and ocular artifact filtering and removal based on an Independent Component Analysis (ICA). Following this, continuous EEGs were segmented into 900ms-long trials with an onset 100 ms prior to stimuli onset. All trials were averaged. ERP components were measured from baseline to peak, with amplitude and latency values for deviant stimuli gathered individually for all participants. Maximal peak values for all modalities were identified in a 200-600 ms time window. These data were selected per standards similar to those used by Wang et al. (2017)-classic parietal electrodes (P3 and P4) were used to define and analyze the P300 components. If multiple peaks were identified in a single trial, only the first peak was collected for further analysis.
Data analyses
RTs for all responses were computed in a two (group: depression or control) × three (modality: visual, auditory, or bimodal) factor repeated measures ANOVA. The P300 amplitude and latency were analyzed using a repeated measures ANOVA with a two (group) × three (modality) × two (electrode: P3 and P4) design. Differences in the P300 amplitude and latency between the two groups were analyzed by performing an independent sample t-test for every task, while differences in P300 values between the tasks were analyzed using paired sample t-tests. Partial correlation and multivariate linear regression analyses were applied to examine associations between HAM-D scores and P300 values after adjustment for HAM-A scores. The Greenhouse-Geisser correction was applied to all appropriate data analyses. All analyses were performed using SPSS 20.0 (IBM, New York, USA).
Results
Behavioral data: (RTs)
There was a significant effect of modality [F(2,176) Table 3 ) but no significant interaction between modality, electrode, and group [F (2,176) =0.55, p=0.58, N.S.] , suggesting that the modality by group interaction is independent of electrode placement. Given this, we averaged the P3 and P4 values (Kajosch et al., 2016) ; the averaged values are listed in Fig.3 ).
We computed P300 latencies using similar analyses and found a significant effect of modality [F (2,176) Table 3 ). Independent sample t-tests suggested that the latency in the DG was longer than in the CG in both the bimodal task [t (88) =-3.78, p<0.001] and the auditory task [t (88) =-2.14, p=0.04]. These results are displayed in Fig.3 .
Correlation between the P300 component and HAM-D scores in individuals with depression
In partial correlation analyses, HAM-D scores were negatively correlated with P300 amplitudes in the bimodal task (r=-0.522, p<0.001). HAM-D scores were also negatively correlated with P300 latencies in the auditory task after adjustment for HAM-A scores (see table 4 and Fig 4) .
Discussion
To the best of our knowledge, the present study is the first to employ a bimodal oddball task in individuals with clinical depression. Furthermore, we found higher P300 amplitudes in the bimodal task compared to the unimodal task in both individuals with depression and healthy controls. In analyses of between-group differences, individuals with depression had lower P300 amplitudes and longer P300 latencies than did healthy controls in the bimodal task. Correlation analysis revealed that the P300 component and HAM-D scores in individuals with depression were negatively correlated in the bimodal and auditory tasks. We found lower P300 amplitudes in individuals with depression than in healthy controls only in the bimodal task. In previous studies, subclinical anxious-depressed participants had decreased P300 amplitudes compared to matched controls only in auditory-visual (AV) oddball tasks (Campanella et al., 2010 (Campanella et al., , 2012 . These studies also revealed enhanced P300 sensitivity to subclinical differences in depression/anxiety. Our results indicate that greater P300 sensitivity to bimodal modality may extend to clinically depressed individuals. Past studies have suggested that cross-modal integrative processes may be altered, while unimodal processes are similar in subclinical anxious-depressive individuals compared to healthy controls. Furthermore, these have suggested that unimodal processing is integrated into multisensory perception independently from unimodal processing (De Jong et al., 2009 ). Based on the results presented here and elsewhere, abnormalities in multimodal integration may be present in depressive disorder. Our data also show that HAM-D scores were negatively correlated with the P300 amplitude in the bimodal task,
suggesting that the more severe the depressive symptoms are, the lower the P300 amplitude is. In previous studies, significant correlations between unimodal P300
amplitudes and HAM-D scores have not been found (Karaaslan et al., 2003 , Urretavizcaya et al., 2003 . Therefore, we may conclude here that the bimodal modality enhanced the sensitivity of the P300 amplitude to the symptoms of depression. We did not find significant difference in P300 amplitudes in individuals with depression compared to healthy controls in the auditory and visual tasks. The most robust ERP finding associated with depression in the unimodal task was a reduction in P300 amplitudes (Kawasaki et al., 2004; Urretavizcaya et al., 2003; Houston et al., 2004) . However, some studies have not found significant differences between P300 values in individuals with depression and controls. Still others have reported that psychotic symptoms are associated with reductions to the amplitude of the P300 (Kaustio et al., 2002) . When Karaaslan (2003) compared non-psychotic depressed individuals to healthy controls, they found that reductions were only apparent in clinically depressed individuals with psychotic symptoms.
Given the background and data presented here, we posit that a lack of P300 amplitude differences may be due to a lack of psychotic features in the participants in the present study. Another reason for a lack of group differences in the visual and auditory tasks may be the lack of anxiety symptoms in the population used here. Kemp (2009) revealed a decreased P300 amplitude in the auditory oddball task in major depressive disorder participants with a secondary anxiety disorder compared to controls. Conversely, using a similar auditory oddball task, Vandoolaeghe et al. (1998) did not report P300 amplitude differences between individuals with depression without comorbid anxiety symptoms and controls. In this study, we controlled for anxiety symptoms and, potentially as a consequence, did not find any difference in P300 amplitudes between groups in either the visual or auditory tasks employed.
We found that P300 amplitudes were higher in the bimodal task than in the unimodal task in both the DG and the CG. One potential explanation for this may be the complexity of stimuli presented. Delle-Vigne et al. (2015) suggested that a compound stimulus was easier to process than a single stimulus because more information was available. Similarly, Comerchero and Polich (1999) suggested that the easier the discrimination task was, the higher the P300 amplitude and shorter the P300 latency. Therefore, in the present study, we might conclude that the bimodal task is easier than the unimodal task, yielding higher amplitudes in the bimodal task. These conclusions were confirmed further by fMRI studies in which participants had greater activation in the inferior frontal gyrus, superior temporal gyrus, and parahippocampal gyrus, which comprised a network that integrates more information from different sources under bimodal conditions than unimodal conditions (Park et al., 2010) . Moreover, the activation of multisensory integration was not simply additive-activation in the bimodal task was greater than the sum of the unimodal tasks, as has been reported elsewhere (Wildgruber et al., 2006) . This positive interaction may affect the P300 amplitude, which is higher in the bimodal task than in the unimodal task in both groups in the present study.
We further found that the P300 latencies and RTs were longer in the individuals with depression than in healthy controls in both the auditory task and the bimodal task. This result suggests a significant difference in deviant-stimuli detection, as well as response speed, in both auditory and bimodal task processing between the CG and DG. These results are supported by past studies that have reported prolonged P300 latencies in individuals with clinical depression (Bange and Bathien, 1998; Kayser et al., 2000) .
Others, however, have not found a P300 latency difference between individuals with depression and controls in an auditory novel oddball task (Lv et al. 2010) . Inconsistency in these results may be due to differences in task application or the sample parameters.
Another interesting result in the present study was the negative correlation between HAM-D scores and the P300 latency in the auditory task. This suggests that greater depressive symptoms may lead to a shortened latency. This result is inconsistent with those from past studies, which have suggested no significant correlation (Schlegel, et al. 1991; Blackwood, et al. 1987 ). Moreover, a study using a bimodal task with a more readily distinguishable stimulus, described above, failed to distinguish between subclinical and healthy individuals in terms of P300 latency (Campanella et al., 2010 (Campanella et al., , 2012 . This difference suggests that the relationship between P300 latency and depressive symptoms requires further investigation.
Among the three tasks used in the present study, the visual task induced the longest RT and the most significantly delayed latency, with this difference apparent in each group, as was reported previously (Campanella et al., 2010 (Campanella et al., , 2012 . This may be related to the processing and storage of stimuli into working memory (Polich, 2007) , processes which may depend on stimulus modality. The auditory modality requires that participants directly encode phonological stimuli, while visually presented words must be processed and recoded as visual and verbal stimuli before temporary storage and processing (Pillai and Yathiraj, 2017) . Visual stimuli may further be processed through two channels-the visual channel (which is concerned with the words presented), and the auditory channel (Mayer, 2001) . Thus, the P300 latency and the RT were longer in the visual task than in the auditory or bimodal tasks. This result is supported by findings from Goolkasian and Foos (2002) , who reported that visual task RTs were not as short as auditory task ones. Given this background literature and the results of the present study, stimulus modality may have a critical effect on the P300 latency.
Our results suggest that, using an appropriate bimodal oddball task, the P300 latency may reflect processing speed, which differs between individuals with depression and healthy controls. However, we also conclude that the P300 latency may need to be used in combination with other indexes, such as reaction time and behavioral output for a more comprehensive view of cognitive skills. It should also be kept in mind that amplitude may be a more sensitive measure of depression symptoms than these other measures. Therefore, the P300 amplitude in bimodal task performance may provide valuable, objective information for the identification and diagnosis of depression disorders.
Our study has some limitations that warrant discussion. First, a larger sample size may be required to replicate the results of past work. Second, our study did not exclude or control for the effect of drugs on P300 values. While participants in our study were mostly selected during their first episode of symptoms, when they had not yet accepted any treatment, some had initialized benzodiazepine treatment for sleeping difficulties less than two weeks prior to their participation. Thus, while the effect of drugs on the P300 status are likely minor, further analysis may be required to better understand their role in our results. Third, the majority of the participants involved in the present study were either mildly or moderately depressed. This may have contributed to the lack of differences between the CG and DG in visual and auditory task outcomes.
In conclusion, the results presented here suggest that the bimodal oddball task may have a higher sensitivity to P300 abnormalities than the unimodal task in individuals with clinical depression, as differences in P300 values between individuals with depression and controls were observed only in the bimodal task and not in either the visual or auditory tasks. Another key finding was that the P300 amplitude was higher in the bimodal task than in the unimodal task in both groups, demonstrating that the bimodal modality allowed for easier discrimination. Moreover, we found that lower P300 amplitudes in the bimodal task may reflect the severity of depression. Therefore, while our data are exploratory, they point to the relevance of the P300 and its assessment in individuals requiring psychiatric attention. Future work will examine whether such testing is an appropriate method by which the sensitivity of the P300 and its measurement might be used in the detection and diagnosis of psychiatric disorders.
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